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Introduction
In 1988, closely spaced samples of glacial sediments were collected around known gold mineralization in the Turquetil-Maguse Lake region of southern District of Keewatin. As part of this project, several thousand archived samples, from both detailed and regional drift sampling programs carried out between 1970 and 1975 in the same region, were reanalyzed for a wide range of elements, including gold and platinum group elements using ICP methods. The results of the 1988 sampling were evaluated in light of the geochemical patterns derived from the analysis of archived samples Shilts and Wyatt, 1989) .
Geology
The bedrock of the area comprises belts of Archean metasedimentary and metavolcanic rocks interspersed with granitic intrusions of slightly younger age (Davidson, 1970a,b; Bell, 1970; Ridler and Shilts, 1974a) . Superimposed across these older igneous and relatively low grade metamorphic rocks are thin belts or remnants of Aphebian age sedimentary and volcanic terranes, consisting of orthoquartzites, minor carbonate facies, basic volcanic rocks, and slates. The whole complex forms the central part of the east-west to northeast-southwest striking Rankin Inlet~ Ennadai Greenstone Belt.
The glacial history of the region is fairly ·simple. Glaciers moved southeastward to east-southeastward across the region from the Keewatin Ice Divide, located in its last stages about 100 km nothwest of the study area. Large quantities of red-coloured, kaolinitic and hematitic debris, eroded from the slightly to unmetamorphosed, late Proterozoic bedrock of the Thelon Basin, west and northwest of the area, .were glacially transported to the Kaminak-Turquetil lakes area, where they form a major component of the drift and tend to mask the compositional contribution of local bedrock. In the field, the extent to which the masking is likely to present a sampling problem can be inferred from the color and texture of the drift; the redder and more clay-rich the sediment, the more its chemical composition is likely to be distorted by far-travelled debris. As the glacial front . retreated across the isostatically depressed terrain of the sampling area toward the Keewatin Ice Divide, all deglaciated terrain, except for a few small hills, was submerged in the Tyrrell Sea. Nevertheless, with the exception of areas adjacent to eskers or along major modem river courses, only minor thickness of marine muds were deposited. As the shoreline regressed toward the present coast of Hudson Bay because of isostatic uplift, beaches were developed preferentially on prominent hills and on ice-contact gravels,and some fine sediment was washed into hollows. Apart from this minor redistribution of fine sediment the effects of the marine episode were remarkably restricted above 100 m a.s.l. Below 100 m a.s.l. the glacial surface was greatly modified by waves or buried under a general blanket of offshore, fine-grained sediments in areas adjacent to the present coast.
Patterned ground
Because of the cold climate, the sampling area is underlain by thick permafrost, the surficial sediments thawing to maximum depths ranging from 10-15 cm in poorly drained organic terrains such as grass-sedge meadows, to 1.5 to 2.0 metres beneath bare till or gravel surfaces. Surfaces underlain by well-sorted sand and gravel (beaches and eskers) are marked by individual, orthogonal, or polygonal frost cracks, as are poorly drained organic deposits. Poorly sorted or fine grained mineral sediments, on the other hand, are covered by circular mudboi1s, rings of stone or turf surrounding bare soil patches, with diameters ranging from 80 or 90 cm in marine silty clay· to over 2 m in tin.· In cross-section mudboils are diapiric structures resulting from soft-sediment deformation processes acting on saturated muds during the thaw season (Shilts, 1978) . The fidelity of the different types of surface patterns to different underlying sediment types is a considerable aid in choosing sites for sampling specific sediments, whether in the field or in planning traverses from air photographs (Ridler and Shilts, 1974b) .
Sampling
Samples were collected from hand-dug pits in mudboils and on esker ridges. Although some of the mudboil samples may be admixed with or consist wholly of marine mud, .by far the majority of them (probably over 95%) are of till. As pointed out by Shilts (1973) the geochemistry of fine fractions of samples collected from glaciofluvial or shoreline sediments cannot be compared directly to those of adjacent till samples because of the tendency of the former to be composed primarily of secondary oxides/hydroxides of Fe and Mn and degraded or secondary silicates with high exchange capacities. Tue fine fractions of till, in contrast, are formed by the crushing of unweathered bedrock and clasts, yielding a material with low exchange capacity and correspondingly low concentrations of metals adsorbed from circulating groundwater.
Thus, background concentrations of cations in fine fractions separated from sands and gravels are commonly several times higher than· those of adjacent . tills. Sample populations based on different sediment facies in this terrain should be controlled and defined rigorously, and results should not be plotted together without awareness of these factors.
Preparation and analytic techniques
Sample preparation Tue silt and c.lay fraction was separated by sieving dry sediment through a stainless-steel 250 mesh (0.063 mm) screen.
A clay-sized fraction, < 0.002 mm diameter, was obtained by centrifuging. Each sample was centrifuged twice in a standardized, very weak solution of sodium hexametaphosphate in distilled water. The supernatant (decantate) from each sample was then centrifuged for a time sufficient to produce a sediment containing primarily phyllosilicate particles of from 0.0003 to 0.002 mm in diameter.
Analytical techniques
The < 0.063 mm fraction of regional and detailed grid samples (collected and sieved during the 1970s) was reanalyzed in 1988 by Chemex Labs Ltd., Vancouver. Trace metal concentrations were determined by taking 0.5 grams of sediment digested for 2 hours in a nitric-aqua regia (3HC1: 1HN0 3 ) solution, diluting it to volume (about 50 mls) and analyzing by ICP atomic emission spectrophotometry.
Gold analyses were carried out by a dry fusion fire-assay of 10 grams of sample with a fluxing agent, yielding a silver bead containing the gold. Tue bead was mounted on tape and irradiated for a neutron activation finish. Tue detection limit is 1 ppb assuming a sample weight of 10 grams. The detection limit for 5 grams is 5 ppb, and smaller samples can be analyzed with commensurate increase in detection limit and loss of reproducibility.
PGE analyses were done on a 20 gram sample and involved the same fusion process as for gold. Tue resulting silver bead was dissolved in HN0 3 , and platinum, palladium, and gold concentrations were determined by ICP atomic florescence spectrophotometry.
Gold

Discussion
Sample size was a limiting factor in reanalysis of regional samples collected and prepared during the early seventies. Tue < 0.063 mm fraction was first analyzed for several trace elements, and the remainder, commonly < 10 g, was analyzed for gold. Utilizing a 10 gram or less sample size significantly lowers reproducibility of the gold analysis. One can appreciate the significance of the nugget effect by calculating that a single cube of gold 40 by 40 by 40 um (0.04 mm cubed) (s.g. 19.32) in 10 grams of sediment (s.g. 2.6) would yield an assay around 120 ppb.
A reproducibility test was run on samples that yielded the 56 highest gold analyses from the regional grid.
Tue remainders of the original < 0.063 mm fractions, many of which were under 10 grams, were reanalyzed by the method described above, but only 30 percent of the high gold values were reproduced satisfactorily. Reanalysis of four gold-rich gossanous sediment samples yielded reproducible results, possibly indicating that the gold was very fine and/or evenly redistributed (chemically) throughout the sample as exchanged or absorbed ions or complexes.
It is likely· that the nugget effect, causing poor reproducibility, would be significantly reduced with larger sample size. Though not always reproduced, ·the high values nevertheless are probably significant. If, for example, one 0.030-0.040 mm cube of gold occurs per 30-40 grams of sediment, then 1 in 3 analyses of 10 gram portions will have approximately a 100 ppb assay. Thus, the high values are probably significant, but it is also possible that a number of samples with nugget-style gold will go undetected.
Samples (10 gram analysis) collected around known gold occurrences in the Turquetil Lake area did produce distinct although short dispersal trains accurately delimiting mineralized outcrop areas.
Turquetil Lake area
Giant Yellowknife Mines first explored the Turquetil Lake area in the early 1960s, identifying a gold showing, since referred to as the "Joyce" showing, near the east bank of the Turquetil River, just north of its entrance into the lake. GSC geologists who mapped the area in the early 1970s considered the lithologic setting to be similar to Larder Lake carbonate-hosted gold deposits. Two different esker systems cross mineralized outcrops in the vicinity of the Joyce showing. Samples with anomalous gold values were collected in one esker at 4 km down-ice and in the other at 7 km down-ice from auriferous outcrops. Although the eskers were not systematically sampled long distances up-ice and down-ice, it appears as though these enriched samples represent detached anomalies. This supports Shilts' (1973) contention that eskers were built in short segments by subglacial streams extending only tens of meters to several kilometres back from the ice margin. The abundant potholes visible on outcrop$ in the area are probably the result of supraglacial runoff draining through the glacier to its base via an ice tunnel. Sediment eroded from mineralized outcrops and adjacent glacier debris could have been carried to the esker tunnel mouth and deposited several kilometers down-ice.
---------------------=~----------------
The distribution of gold in the < 0.063 mm fraction of till from the regional grid is shown in figure 1 Except for anomaly 3, which falls on a felsic volcanic unit adjacent to and associated with the massive sulphide mineralization at Spi Lake (Ridler and Shilts, 1974 a,b; Ridler, 1974; Shilts, 1974a,b) , the other Au anomalies are in terrain with unknown potential.
The groups of anomalous samples flagged as region 4 near Quartzite Lake are several kilometres south-southwest along strike from the "Happy Lake" showings, currently held by Noble Peak Resources Ltd., and are in the area of the Southwin claims acquired by Noble Peak.
Areas 5 through 10 are located at sites with little or no prospecting history. Area 5 is located over two small adjacent peninsulas extending into Kaminak Lake. The bedrock is mapped by Davidson (1970a) as massive grey hornblende tonalite, minor leucodiorite, and biotite-hornblende granodiorite cut by a diabase dyke.
Area 6 is located in a region of mafic to felsic volcanics between Yandle and Heninga Lakes. This area is anomalous for many trace metals and has been disc~ in some detail by DiLabio and Shilts (1977) .
Areas 7 and 8 occur in regions of undifferentiated volcanics, and Areas 9 and 10 straddle the contact between undifferentiated volcanics and intruded hornblende diorite and leucogabbro.
Numerous Au-bearing quartz and quartz-carbonate veins with associated Cu, Pb, and Zn are present throughout the region. Occurrences of this type may in part be responsible for the many scattered or isolated anomalous gold concentrations observed in till.
Conclusions
Till sampling carried out by excavating mudboils is a viable technique for identifying regional targets . for gold exploration. Using detailed follow-up sampling in target areas, information about the location of gold-bearing outcrops hidden beneath drift may be obtained. Weight of the fine fraction (<0.063 mm) separate should be greater than 10 g to avoid the worst aspects of the nugget effect, and samples exceeding 20 g are preferable. Care must be taken not to mix sample populations, e.g. glaciofluvial sediment and till samples, because of the differing mineralogical and geochemical characteristics of the fine fractions, a result of the varying responses of different types of sediment to weathering. Likewise, the amount of far-travelled components in a sample can affect apparent metal concentrations in this region because of the diluting effects of metal-poor, kaolin-rich debris, glacially transported from the Thelon Basin. The amount of dilution to be expected can be estimated from a number of observable characteristics, including kaolin concentrations, red colour of fine fraction, concentration of specular hematite in sand, Dubawnt Group erratics among coarse clasts, and concentrations of phosphorous and barium in sieved silt and clay fractions, both of the latter being enriched in some Du,t>awnt Group lithologies.
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